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Abstract We was investigated parasporal inclusion proteins change to use industrial medium of new strain
Bacillus thuringiensis CAB 565, CAB 566. To confirm medium’s oxygen efficient consist of glucose and
yeast extract, we was conducted oxygen transfer coefficients (KLa) of medium’s concentration and impeller
in 20 [-Jar fermentor. When to increase air flow rate and medium concentration, KLa rate is rise. Also it is
effective on agitation rate 200 rpm, but KLa rate is decrease when to rise agitation rate. To hold dissolved
oxygen rate (upper 50%), Air flow rate is steadily increase on culture to use microsparger. When 16 hour of
culture stage, B.t. CAB 565 and B.t. CAB 566 harvested respectively 2.3 x 10", 1.8 x 10'° viable cell/ml.
When 54 hour, B.tz. CAB565, 566 harvested respectively 1.9 x 10", 1.4 x 10'° spore/ml. To resulting carbon’s
concentration, It is the most effective that glucose concentration is contained 5% in medium.
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S WE e F 5759 B thuringiesis 475 83}
o] 7HA] wjeF 27190 wiAdE, 244, pH, Al EEE,
¥AFEE 22]3 S-endotoxin®] WIS RUE HSIHA 2

Wl st vlogze] 243 A7E AR,

g —Zré l"f: k o} /‘]*30}31‘:} T dre 4
BA =54 dids Wske A7IMgs 4% 43 B
CAB365% CABS66+7-= ZH2F D& o] B.t. subsp. kurstaki
9} B.t. subsp. aizawai= 8 EAAJTE. BE # glycerol
(50%)E ©]gste] —80°CelA #7g3+SaL, Nutrient Agar
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AFA-E HjoRE iR Y] AE-S Yeast extract 0.8%, CSL
3%, SBM 2%, Ammonium sulfate 0.05%, Calcium chloride
2H,0 0.05%, Magnesium sulfate 7H,O 0.1%, Maganse
sulfate SH,O 0.01%, Sodium hydrogen phosphate, Di0.15%,
Antifoam(Konion) 0.5%%Z ZA|3}3L Glucose= 2t 2%, 3%,
4%, 5%, 6%, 1%, 8%, 9% L& 10%= H7tet S/
o] &af3la olw] pHE 4NKOH (NaOH)ZE ©|-83l1 pH
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°CollA 158 Earate] wiste] A&l
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£ Al ARE wkg7lE 970l 36.9 cm, W7 30.9
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W74 1.5mm, 4o 10 cmE ARESIITE AZFE wjdg7]ol
Do Probe (Broadley James: USA)YE -2}3}3L, Probe® F-E
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2
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2 w370 &5 vidE ARS-Ste] F718kS o At

AGAS(KLa) 7S 5-20 hr! A=A vi=
3t B71819 S WE 5-50hr! AER wjx]
StS w7 EX =3 Sl F7] W20l micros-
pargeroll Al LebA] Ho] FH7EA] o5 ) F7] He7E]
ME2 SEE 4] YeRith QZ]O] dojupd F7] W
=9 77 AA A ALEes a4 o =
HAE o] &3S we AW AiEs 2 54 wiAe 5
T= s ¥7] W&o o] E3tEo] 3] WEe] AR
AT @do] Ao EE Ak Hdo] 7S AoE B
olt}, uix] sl W Microspargers AHE-31o] KlLa #t<
S5t 2 A, wiA] s=7F #8575 Kla #ol © ARl
t} ol iR FETF EobdeE 7] Wl MR R <l
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(Fig. 1).
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e Wi E wjEE g e wi SE7F ST E}F/}
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Fig. 1. Effect of aeration rates on K;a in medium density and
water.
Pore size of sparger : 24 um
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Fig. 2. K, a trends in the medium according to the agitation rate
effects.

Fig. 3. Aggregation trends according to the air bubbles in the
impeller type : Turbine impeller, Paddle impeller.
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Fig. 4. Profiles of viable cell and spore number during a batch
culture of B. thuringiensis under dissolved oxygen concentra-
tion of 50% saturation (A) B. thuringiensis CAB565, (B) B.
thuringiensis CAB566.
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Fig. 5. Air flow and DO trend during culture of B.
thuringiensis. Culture condition is total volume 30 /, agitation

rate 200 rpm, aeration rate 1 vvm, 30°C. (a) B. thuringiensis
CABS565, (b) B. thuringiensis CAB566.

Table 1. The culture conditions, the oxygen transfer coefficient
(KLa) and spore formation and d-endotoxin related

Fermentation kinetic parameters CAB565  CAB566
Vegitative cell (x 10" cfu/ml) 23 1.8
spore cell (x 10'° cfi/ml) 1.9 14
sporulation ratio (%) 82.6 77.8
Kpa (hr™) 280 230-250

B.t. CAB566 o5+ Y]|3% Bt CABS65 @5 HU} &
A QT RS Aog Bl o|gd ARER B,
B.t. CAB565, CAB566 d-FE52 gz o] 44 g n}
IS JAshs DAl 750l WE AlolE HolA W ¢
F2 &5 AAawS 878k 548 7HE Ag ERIEA
THFig. 5).

watk 219 A% 2 §-endotoxin FAAT Ak HEA
4*(KLa) o] #A1914 B.r. CAB565 @52 KLa &
280 hr! AE1e™, B CAB566 #5¢ KLa 7+ 230-
250 hr! A== 271 A2 ) 27} FATHTable 1).

A2l BHX| Glucose H7H0f| 2 st

B.t.8] EA9} ZAathilE o] AL ghAgo] 4 E A
710l o] Fo A W [Mummigatti et al., 1990] 2293} g2
o] H|&e oM E W2 JIS W= Ao=E duA it
[Farrera et al., 1998] W2FA, C/N ratio] 24, F71€<9]
A7F Soll ot xA} P JF & A=A Y

W2 & A slshe A AEo] Bol HALE AT Icgen et
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Table 2. Experimental design of standard curve
Sample S. 1 S.2 S.3 S.4 S.5 S.6
BSA (ug) 0 10 20 30 40 50
DW (ul) 500 490 480 470 460 450
concentration (pg/ml) 0 20 40 60 80 100
0.D. (5§95 nm) 0 0.041 0.097 0.134 0.2 0.244
25 —— CABS6S VC 03
20 - E:ESZZ ;‘C 0.25 y = 0.0025x - 0.0095
CABS66 SC R2 = 0.9945
15 02 -
CFU/ml(x10%°)
10 ODsgs 0.15 -
05 01 -
. 0.05 -
2 3 4 5 6 7 8 9 10
Glucose concentraion(%) 0 . T T T T 1
Fig. 6. Evaluation of the glucose effect on cell of B. 0 2 40 g0 80 100 120
thuringiensis CAB565, CAB566. VC : vegetative cell, SC : BSA (rg/ml)

Spore cell.

al.,, 2002a; Icgen et al., 2002b]. GlucoseZ A+ wj=|o] H]
E2-10%)EE F7F Hrleto] AR A% GPHNE 2 X
A= W2 Hrpgelre HAF SUkke AdE B
ot} 6% ©17d2] glucose AN 2318 Fadle ATS
B THFig. 6).

olglgh A= 2719 =2 glucose FE7F AIE 43783}
271 glo] 938 A eig Fgetths A Al o
Ash= AL Z glucose AFEl 910 5% glucoseS A=
ke AR)E HiR] 2ol @3F oz HRItHHofte and
Whiteley, 1989]. B3+, B.r. CAB565, CAB5667¢5 25 5
U A3y A=

MR v YA LHEACHHAEZ £
HjFelo] WEAchid e gidelEe] Al 44
n x|, EFEA T WAt g A= o] gl

el EAe} Aol AdEFE =2 2HdulA =

chil 2 9. =451 tH(Benoit et al., 1990). T @S A

#3171 Y3l Bovine serume albumine2 ¢85k standard

curveS =4 tK(Table 2, Fig. 7). ©|2 EUZ B.t. CAB

565, CAB5667+7-2] AFgulA] v FelS s]Ajste] W 5att

WA g SAUTHTable 3). + #F 5 £GPl

BUE B.t. CAB56577-9] Wsithidgo] e Ao=

IR 7 75 wjg o] WEiathE ks

el A5l T2l Bt Al(AAHSF A

glolA 243k A3 Bt CAB565, CAB5662] WE=4tha

2 Ebl 0 #2202 SRIFUTH Table 4).

B A%S uEto g Bt CABS565, 5662 UhH]Ea)30|

O3 A58 S =017] 93] AlFsl AEL 7Ad Fol Aok

Fig. 7. Standard curve for BSA.

Table 3. Parasporal protein measurement of B.z. CAB565,
CABS566

B.t. strain

B.t. CAB565
22,230

B.t. CAB566
18,280

Parasporal protein (pg/ml)

Table 4. Parasporal protein measurement of B.z. CAB56S,
CAB566, commercial product (A). Cell count is similarly
adjusted 3.0 x 10° cfu/ml

B.t. strain B.t. CAB565 B.t. CAB566 A product
Parasporal protein 3.220 3,050 2,560
(ug/ml)
#HAtel 2

L R %%ﬁ%i FY59d A3k oa) «ZEH
F A @AM E; PI010029)C2 o]
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